WWLD INTELLEC TUAL PROPERTY ORGANIZATION 
Ina,mational Bureau 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 




(11) International Publication Number: 


WO 98/10084 


C12N 15«6//C07K 14/245 


Al 


(43) International Publication Date: 


12 March 1998 (12.03.98) 



(21) International ApplicaUon Number: PCr/JP97/03 109 

(22) International FHing Date: 4 September 1997 (04.09.97) 



(30) Priority Data: 

8/25745 1 



6 September 1996 (06.09.%) JP 



(71)(72) Applicant and Inventor: HAMADA, Hirofumi (JP/JP); 2- 
3-1-310. Kaga. Itabashi-ku, Tokyo 173 (JP). 

(74) Agents: ODAJIMA, Heikichi ct ah; Odajima Patent Office^ 
Nippon Jitcnsha Building. 9-15, Akasaica l^home, Minato- 
ku. Tokyo 107 (JP). 



(81) Designated States: AU. CA, KR, NZ. US, European patent 
(AT. BE, CH, DE. DK, ES. Fl, FR, GB, GR, IE, IT, LU, 
MC, NL. PT. SE). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: TETRACYCLINE TRANSACnVATOR HAVING A NUCLEAR LOCALIZATION SIGNAL JOINED THERETO 



(57) Abstract 

Recombinant genes having integrated thereinto 
a nuclear localiMlion signal (NLS) gene and the 
ictTBcyclinc activator (tTA) gene, as well at vinises 
containing these recombinant genes and animal cells 
infected with these viruses. 



CMtTA <t.3kb) I CM I tTA I RA I 



CMNITA U.m) I CM I Mt«4TA i pA I 



CANtTA <3^nb) 



CA 



NLt^A 



RxNUA (s.ikb) 



nu I >tL»>tTA |pA [ 



TttNlTA (Mkb) I Tat I MLt-tTA | pA | 



B 



T«tZ (4.m) iTatjm^^^il PA I 



TttVSVG (t.ikb) [rati wo j pA I 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing intemaiional applications under the PCT. 



AL 


Albftnit 


ES 


Spam 


IS 


LewXho 


SI 


Slovenia 


AM 


Annenia 


Fl 


Fmland 


LT 


Lithuania 


SK 


SlovAla 


AT 


Aiutrii 


FR 


Prance 


LU 


Luxembourg 


SN 


Scnetal 


AU 


Amtnlia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbtti)aii 


GB 


United Ktntdom 


MC 


Monaco 


TD 


Chad 


BA 


Botnit ind Henegovina 


GB 


Gcorsn 


MD 


Republic of Mokiova 


TG 


Tofo 


BB 


BstMdM 


GH 


Ghana 


MG 


Madagaicar 


TJ 


Tajikistan 


BB 


B«t|ium 


GN 


Guinea 


MK 


Tlv iormer Yugoilav 


TM 


TurtmeniataB 


BF 


BurkJni Puo 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgira 


HI) 


Huntvy 


ML 


Mali 


TT 


Trinidad and Tobaco 


&J 


Beain 


IE 


Ireland 


MN 


Mongolia 


UA 


UkraiM 


BR 


Bnzil 


IL 




MR 


Mauritania 


vc 


Ugtrnda 


BY 


B«lafus 


IS 


Iceland 


MW 


Malawi 


us 


United Stalei of Amtfica 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekiatan 


cr 


Cefieral Afncm Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KB 


Kenya 


NL 


Netheriands 


YU 


Yufoalavia 


CH 


SwkztrlaMl 


KG 


Kyrfyzttaa 


NO 


Norway 


zw 


Zimbabwe 


a 


CAte d*lvoii« 


KP 


Decwoencic People'a 


NZ 


New ZeaJaiid 






CM 


CUMfOOfl 




Republic or Korea 


PL 


Poland 






CN 


China 


KR 


Repubtk of Kocea 


PT 


Ponugal 






cu 


Cutn 


KZ 


Kazakuan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Ruatian Hederation 






DE 


Germany 


U 


Uechienstetn 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Ettonii 


LR 


Liberia 


SG 


Singapoit 







wo 98/10084 



PCT/JP97A)3109 



1 

DESCRIPTION 

TETRACYCLINE TRANSACTIVATOR HAVING A NUCLEAR 
LOCALIZATION SIGNAL JOINED THERETO 

5 

Technical Field 

This invention relates to a system for the 
expression of genes in animal cells. More particularly, 
it relates to recombinant genes which can control the 
10 expression of the introduced gene strictly, and their 
uses. 

Background Art 

In many cases, substances other than the 

15 components indispensable for the growth of cells are 
inductively synthesized as required. Consequently, if 
an exogenous gene is introduced into animal cells for 
the purpose of causing the cells to produce a certain 
protein, the protein synthesized by the constant expres- 

20 sion of the introduced gene may affect the growth of the 
cells into which the exogenous gene has been introduced, 
or may exhibit toxicity to the cells. 

In order to solve these problems, there have 
been used inducible promoters derived from eucaryotic 

25 cells, such as the metal lothionein gene (E. K. Mayo et 
aL , Cell. Vol. 29. pp. 99-108. 1982), heat shock genes 
[L. Nouer et al. » ''Heat Shock Response' (edited by L. 
Nouer), CRC Publishing Co.] and several hormone genes 
(F. Lee et al. , Nature. Vol. 294, pp. 228-232, 1981). 

30 However, when these promoters derived from eucaryotic 
cells are used, the introduced gene is slightly ex- 
pressed even under uninduced conditions to produce a 
small amount of protein. Moreover, it has also been 
reported that the inducible promoter of the lac gene of 

35 procaryotic cells functions even in animal cells (M. Hu 
et al.. Cell, Vol. 28. pp. 555-566. 1987). However, 
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this promoter is also unsatisfactory for the purpose of 
controlling the production of the desired gene product 
strictly. 

As a gene expression system derived from 
5 procaryotic cells, other than the lac gene, Bujard et 
al. have developed and reported a tetracycline repressor 
( tet R) /tetracycline operator (t etO) gene expression 
system using a gene (also referred to as the tTA gene) 
encoding the tetracycl ine-control led tetracycline trans- 
10 activator (tTA). tTA combined with tet R cannot bind to 
te . t O in the presence of tetracycline, so that no expres- 
sion of the gene occurs. On the other hand, tTA can 
bind to tet O in the absence of tetracycline, resulting 
in the expression of the gene. Thus, the use of tTA 
15 serves to control the switching-on/of f of the expression 
of a gene according to the absence or presence of tetra- 
cycline. 

Under the existing circumstances, however, 
even if the expression of the introduced gene is sup- 

20 pressed by the addition of tetracycline, the expression 
of the introduced gene is observed to an extent of about 
0.01% based on the level observed under unsuppressed 
conditions. That is, the expression cannot be sup- 
pressed completely (M, Gossen et al. , Proceedings of 

25 National Academy of Science, USA, Vol. 89, pp. 5547- 
5551, 1992). Thus, a system which can strictly control 
the expression of genes introduced into animal cells has 
not been reported so far. 

Meanwhile, in order to generate packaging cell 

30 lines capable of producing retroviral vectors, it has 
conventionally been necessary to introduce at least one 
of the gag . uSlL and env genes which are indispensable 
for the replication of retroviruses. In such cases, it 
may frequently happen that, according to the locations 

35 at which the vector genes are introduced into the cell 
chromosomes, their expression is not completely sup- 
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pressed where unnecessary CleakUess') or the level of 
their expression is low where necessary. Consequently, 
after introduction of the genes, considerable labor is 
required to select an excellent packaging cell line. 
, Moreover, when the envelope protein of a retrovirus is 
modified to change the infective specificity of the 
retrovirus, it has been necessary to generate vector 
genes into which the genes encoding the envelope pro- 
teins of individual viruses are separately integrated. 
10 Thus, the generation of individual vectors requires a 
very laborious procedure. 

Accordingly, an object of the present inven- 
tion is to provide a gene expression system in which the 
expression of the introduced gene is completely or 
15 substantially suppressed under uninduced conditions to 
exert no influence on the growth of the cells having the 
gene introduced thereinto, whereas the introduced gene 
can be expressed under induced conditions to produce the 

desired protein. 

Another object of the present invention is to 
provide a means for permitting the easy construction of 
pseudotyped retroviral vector production systems which 
can replace conventional packaging cell systems. 

Disclosure of Invention 

As a result of extensive investigations, the 
present inventor has now found that the above objects 
can be accomplished by integrating an NLS gene serving 
as a nuclear localization signal into the tetracycl ine- 
controUable gene expression system developed by Bujard 
et al. In short, it has been found that a virus con- 
taining a gene which comprises a combination of an NLS 
gene and the gene encoding the tetracycline transacti- 
vator (tTA) (i.e.. the tTA gene) and which also has a 
promoter gene integrated thereinto shows enhanced gene 
expression in the absence of tetracycline, whereas the 
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gene expression is almost completely suppressed in the 
presence of tetracycline. 

Thus, according to the present invention, a 
recon>binant gene comprising an NLS gene and the tTA gene 
is provided as a means for accomplishing the above 
objects. In a preferred embodiment for accomplishing 
the objects of the present invention, the aforesaid NLS 
and tTA genes are integrated in-frame, i.e.. in such a 
way that the proteins obtained as their gene products 
exhibit the desired effects. No limitation is placed on 
the positions where these genes are integrated, so long 
as their gene products exhibit the desired effects. 
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Brief Description of Drawings 

Fig. 1 schematically illustrates, in terms of 
gene transcriptional units, typical recombinant genes of 
the present invention in comparison with well-known 
genes. The abbreviations given in this figure have the 

following meanings, 

CM: Cytomegalovirus promoter. 
CA: Promoter comprising the cytomegalovirus 

enhancer joined to the p-action promoter. 
Rx: Promoter comprising the cytomegalovirus 
enhancer joined to the Moloney murine 
25 leukemia virus promoter. 

Tet: Tetracycline promoter. 
tTA: Tetracycline transactivator. 
NLS: Nuclear localization signal. 
pA: poly(A) signal. 
30 Fig. 2 is a graph showing the expression 

efficiency in an expression system using a recombinant 
gene of the present invention, in comparison with the 
expression efficiency in the conventional gene expres- 
sion svstem developed by Bujard et al. 
35 In this graph, the circles represent the 

results obtained with CMNtTA (inventive) and the squares 
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represent the results obtained with CMtTA (comparative). 
The open symbols represent the expression efficiencies 
observed in the absence of tetracycline, and the filled 
symbols represent the expression efficiencies observed 
5 in the presence of tetracycline. 

Fig. 3 is a graph showing variations in gene 
expression efficiency according to the type of the 
promoter used in a gene expression system of the present 

invention. ^ ^ - 

,0 In this graph, the circles, squares and trian- 

gles represent the expression efficiencies of the intro- 
duced gene observed when the CA. Rx and Tet promoters 
were used for NtTA. respectively. The open symbols 
represent the data obtained in the absence of tetra- 
15 cycline. and the filled symbols represent the data 
obtained in the presence of tetracycline. 

Fig 4 is a graph showing variations in gene 
expression efficiency according to the concentration of 
tetracycline, for several gene expression ^vste.s of the 
20 present invention (CMNtTA. inverted triangles: CANtTA. 
triangles turned sideways; TetNtTA. triangles: RxNtTA. 
squares) and conventional systems employed as compara- 
tive examples (TetZ alone, diamonds: CMtTA. circles) 

Fig 5 is a set of electron micrographs show- 
25 ing the morphology of cells (or organisms) having been 
subjected to p-Gal staining for detecting the expression 
of the i^Z gene in gene expression systems (or infected 
cells) employed as comparative examples. In this fig 
ure a and b correspond to the system using TetZ alone 
30 (comparable), and c and d correspond to the system using 
CMtTA (comparative). In each system, the former (a c) 
shows the cells cultured in the absence of tetracyc ine 
and the latter (b. d) shows the cells cultured in the 
presence of tetracycline. 
3- Fig 6 is a set of electron micrographs show 

' ing the morphology of cells (or organisms) having been 
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eeUs) in accordance .ith the p. se 
^•o figure e and f correspond to the tunt i 
. rd h^respond to the C-T. s.te» ^ - i ^ ; 

.pond to the KxNtTA rM/ro.Jr (e, . 

r J-rrtre c:u;:f ed . th ah ne. 

cycline and the latter (f. h, J. 
cultured in the presence ot tetraccUne. 
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Detailed Description of the ,f„„- 
The present invention also provides 

into .hich a promoter gene indis 
said recombinant gene into '^^"^^ " 
, pensahle for expressio o o-^.^_^ 

'""".rr so a to ■ located npstrea. of the aforesaid 
promoter so as to u oresent invention. 

M, c „J tTA Irenes. According to the presen 
NLS and tTA gene .^^ „^,^,„ 

promoter can be u e 

iO and type, so long as it e ^^^^ 

aforesaid N.S and ^ ^l^^JZ l^, ,„p„,es of the 

.hich can ""-"^"f^;;;;^ ,he large T pro- 

present invention i ne de ve ^^^^^ 

<o^ """t^^furi elude the CM promoter o, 

" can convenient!, .^.^.j^ing the enhancer 

cytomegalovirus, the Rx pr „ Moloney 

c,to.egalovirus Mne t t 0 ot^^^^^^^^^^ 

murine leukemia virus, the P 

enhancer of cytomegalovirus ,e„e. 
,0 p-actin, and the Tet P"-"/. f^f/j l^.^d thereto. 



According to in. i„tegrated 
encoding a foreign protein ma further 

the aforesaid - the 

:u^A latpr in detail, tne ic^i^" 
3o scribed later in expression can be 

present invention is such that its 
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strictly controlled by the presence or absence of tetra- 
cycline. Consequently, even when the expression of any 
of the aforesaid genes included in the recombinant gene 
exerts an adverse influence on the growth of cells 
0 containing the recombinant gene, its expression can be 
suppressed almost completely. Moreover, its expression 
can also be enhanced in some cases. 

Thus, there is provided an expression system 
suitable for use in the production of a particular 
10 protein for any intended purpose. Accordingly, the 
foreign protein contemplated in the present invention 
can be any protein according to the intended purpose. 
Specific examples of the foreign protein include, but 
are not limited to, viral envelope proteins, hormones. 
15 cytokines, and the receptors for hormones and cytokines. 

The above-defined recombinant gene may conve 
niently be used in the form of a plasmid constructed by 
carrying the recombinant gene on a specific vector. 
Typical examples of the plasmid in accordance with the 
20 present invention are mentioned in the examples which 
will be given later, but all plasmids that will readily 
occur to those skilled in the art on reference to these 
typical examples are intended to be within the scope of 
the present invention. 
25 Moreover, the present invention also provides 

viruses containing the aforesaid recombinant gene. For 
the purposes of the present invention, the preferred 
virus is one using an adenovirus as the host virus. As 
the adenovirus, there can conveniently be used both a 
30 mastadenovirus whose host is a mammal and an aviadeno- 
virus whose host is a bird, but the former is preferred. 

It is preferable that the NLS gene, the tTa 
gene and the foreign gene are integrated downstream of 
the promoter. 

35 Furthermore, the present invention also pro- 

vides animal cells transfected with the aforesaid vi- 
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'--"^^ :::::s:r;nTc:i:::r;-.H .^e 

present ..vent.o . S ^ 
cells .n.lude A3 5 eel ^ ^^^^^ 

5 no.a cell strain). T98 cell cRL-1620), 
cerebral tuMor cell strain) " 

/^xrr and murine cen^ 

U373 cells (ATCC HTB 17) 

ca-163). By growing the eel ^^^^^ 
production of. for example, a 
10 carried out efficiently. above-described 

::rnrto tie Procedures described belo. or in ,.e 

l:;::' r::c»Mnant adenovirus is first 

" ^^.^edTy coining the -"";;-^^p:: i::" 

UTA, gene to rlr s'ee M. Cossen et 

cytomegalovirus U.e.^ he ^^.^^^^ ^^^^ 

,1., P-«edings of N tl ^^^^^ 

..0 Vol. 89, pp. 5547 5551 li» generated by Joining 

a„„ther recombinant a enovrus^is^g^^^^ for detecting 

,he l^Z gene, .hieh s „f tTA gene, 

the ability to -""7^ ,n,tracycline-con,roUable 

to ::r\ e Me Te, promoter; see M. 

,5 tetracycline - • ,,,,„„al Academy of Sci- 

rc:%rA.^;o;.'rs:;p. 55.7-5...;.^^^^ 

"-"r"°:.^rp» :r di:rr:::f . tnis proce- 

.Uh ;«;;';;;^^„.,i„,„, adenoviruses are gener- 

,0 dure, t.o ";;„,i„, ,ta alone (the same system 

3„a, c„e ("""0') earn g 

as that of Buiard et signal added 

comprising tTA and » „,avel, examined for 

thereto. These systems "" '"J i„ the presence 

the ability to suppress - J// :\„,„ce ,e„e expres- 
of tetracycline and the ability 
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sion in the absence of tetracycline. As a result, it 
has been found that, in the absence of tetracycline, the 
degree of expression of the ia^l gene is about 30% in 
the tTA system, but 80% or greater in the NtTA system. 

5 Thus, the gene expression is enhanced in the NtTA system 
by a factor of 2. 7 or greater. 

On the other hand, it has also been found 
that, in the presence of tetracycline, the gene expres- 
sion is completely suppressed in the NtTA system, where- 

10 as only an about 50% suppression of the gene expression 
is observed in the tTA system. By going through the 
above-described procedures to confirm the action of the 
respective recombinant genes, those skilled in the art 
will gain a better understanding of the present inven- 

15 tion. 

Furthermore, the present invention also pro- 
vides the use of the above-described virus in combina- 
tion with other viruses. For example, an adenovirus 
(hereinafter referred to as the first virus) containing 

20 a gene into which an appropriate promoter and NtTA are 
integrated can be used in combination with a recombinant 
adenovirus (hereinafter referred to as the second virus) 
containing a gene into which the g^-QOl gene partici- 
pating in the replication of retroviruses is integrated 

25 downstream of the tetracycl ine-controUable tetracycline 
promoter (i.e.. the Tet promoter) and a recombinant 
adenovirus (hereinafter referred to as the third virus) 
containing a gene into which a gene encoding the enve- 
lope protein of a retrovirus is integrated downstream of 

30 the Tet promoter. This combination provides different 
uses. 

For example, a high-level expression system 
for retroviruses can be provided by infecting animal 
cells with the aforesaid group of viruses. In another 
:^5 example, a sample of particular animal cells is co- 
infected with the first, second and third viruses. On 
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the other hand, another sample thereof is co-infected 
with the first and second viruses. Then, the trans- 
duction efficiencies of the gene x. both samples are 
detected If the transduction efficiency of the gene 3n 
, the latter sample is as high as (or slightly lower than) 
that in the former sample, it may he presumed that the 
tested cells have been infected with any retrovirus. 
Thus the present invention makes it possible to deter- 
„,ine whether animal cells are infected with a retro- 

10 virus. ^ 1 • ^ 

The present invention is more fully explained 

with reference to the following examples, 
ample 1 

The plasmid pUHD15-l (see M. Gossen et al. . 
,0 Proceedings of National Academy of Science. USA. Vol. 
89 pp 5547-5551. 1992) was cleaved with Xhol and 
Hindlll to obtain a 2. 3kb CMtTA fragment. After this 
fragment was made blunt-ended, it was inserted into the 
Swal site of the plasmid pAxcw to construct the cosmid 
20 pAxCMtTA (the restriction enzyme Swal was purchased from 
Boehringer Mannheim and all other restriction enzymes 
were purchased from New England Bio Labo unless other- 
wise noted). Then, according to the method of Saito et 
al (S Miyake et al. . Proceedings of National Academy 
25 of Science. USA. Vol. 93. pp. 1320-1324. 1996) human 
293 cells (ATCC CRL-1573) were transfected with the 
above cosmid and the DNA-TPC (terminal peptide complex) 
of human adenovirus 5 to generate a recombinant adeno- 
virus (AxCMtTA) (see Fig. D- 
30 The tTA gene was excised as an about Ikb 

fragment by cleaving pUHD15-l with Xbal. making the 
resulting linear DNA blunt-ended, and then cleaving it 
with BamHI. On the other hand, the plasmid pRx-nZpA was 
constructed by adding the synthesized XR30-PK sequence 
(--CC ATG GAT AAA GOT GAA TTT CTC GAA GCT CCT AAG AAG 
AAA CGT AAG GTA GAA GAT CCT AGG AAT TC— ; see D. 
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, , 39 pp 499-509, 1984) to 
Kalderon et al. . Cell. Vo • ^^^^^.^ ^.^LacZ 

^obtained fro. D . WaW.. ^^^^^^^^^ 
Cancer 

instituten su ^ fragment (obtainea 

. pRx-nZ. and then "^l-;"/ ...^ Ba.Hl and HindlH) 
aeaving the pUs.td pRx nZ w. ^^^^^ ^^^^^ 

.Uh the SV40 pol,(A> pUHD,5-l .Uh 

f,a««en, obtained b, cleav.ns e 

Ba«HI and Hindlll. S"''"'"/ ''^^ pR.-nZpA .i^^ 

.as constrncted by cleav n. e P 

EcoRI. «aktng the "/^^^ ,He Ba.HI site 

ligatin. .he "f^^-^J/; „,elear localisation 
thereof. In this plas^.d, the ^^^^ 
<-s> or mo- .a o-d ^^^^^^^ 
to be in-frame .ith the 

coded b, the tW instructed by cleaving 

The plasmtd ,3ki.oto (as 

P---;-;f . :rra alrBa-HI to obtau an about 
described above)] "itn ...erttng this fragment 

3.Ub NLS-lacZ fragment, an ^ZJ.i^ pUHDlO-3 (see 
j„„ the Xbal/BamHI ""^ o*;^ ^^^.^^.i ,eade., of 
M. Cossen et al. . ^-f'^J.^g 1, 1992). This pTetZ 
science. USA, Vol. 89. treated .ith 

.as cleaved .ith '^^''^lll'Z. England Bio Labo) 
, T4 ONA polymerase ^^-^'^^'H ^^^„,,i„, to the above- 
to generate blunt ends. The , ^^^„ni„, about 
described method .S"";; the S.al site of pAxc 
4.,kb fragment .as (^,TetZ) having the 
to generate a recombinant adenov 

lacZ gene (see Fig. constructed by cleav- 

'"^ f r; TA . 'rNcoI and BamHI to obtatn an 
i„g the Plasmtd pRxNtTA ^.j, f„,„ent into 

about l.Ub fragment, ^^^^'^ ^^etZ. The plasmid 

the NcoI/BamHI sites o Us^ ^^^^^^^ ^ , 

pCMNtTA .as constructed by c bUnt-ended, 
.ith EcoRI. making the resulting 
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cleaving it with Xhol to obtain a 0. 77kb CM promoter 
fragment, and cloning this fragment into the Xhol site 
of the previously constructed plasmid pTetNtTA which had 
been cleaved with Kpnl and made blunt-ended. In order 
o to generate a recombinant adenovirus (AxCMNtTA) for the 
expression of the CMNtTA gene» the CMNtTA gene was 
excised as a 2. 3kb fragment by cleaving the plasmid 
pCMNtTA with Xhol and Hindlll. treated with T4 DNA 
polymerase to generate blunt ends, and then cloned into 

10 the Swal site of the cosmid pAxcw to construct the 
cosmid pAxCMNtTA. Thereafter, the recombinant adeno- 
virus AxCMNtTA was generated according to the above- 
described method of Saito et al. (see Fig. 1). 

HeLa cells were infected with the generated 

15 recombinant adenoviruses AxCMtTA and AxCMNtTA in the MOI 
range of 10 to 1250. Thus, it was found that, at a MOI 
of 250 and in the absence of tetracycline, the gene 
expression in the system using the NtTA-carry ing adeno- 
virus was about 2. 7 times as high as that in the system 

20 using the tTA-carrying adenovirus. In the presence of 
tetracycline, the gene expression was completely sup- 
pressed in the system using the NtTA-carry ing adeno- 
virus, whereas only an about 50% suppression was ob- 
served in the system using the tTA-carrying adenovirus 

25 (see Fig. 2). 

g>{amplg 2 

In order to construct the plasmid pCANtTA, the 
plasmid pCAGGS (see H. Niwa et al. , Gene, Vol. 108, pp. 
193-200. 1991) was cleaved with Sail and Hindlll. The 

30 resulting fragment was made blunt-ended and combined 
with the Clal linker to construct the plasmid pCAcc. 
After this plasmid pCAcc was cleaved with EcoRI and made 
blunt-ended, an about 1.5kb fragment obtained by cleav- 
ing the plasmid pTetNtTA with Kpnl and Hindlll and 

35 making the resulting DNA fragments blunt-ended was 

inserted thereinto. Then, according to the above-des- 
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cribed method of Saito et al. , an about 2. 7kb fragment 
obtained by cleaving the plasmid pCANtTA with Clal was 
inserted into the Clal site of the plasmid pAxcw to 
generate a recombinant adenovirus (AxCANtTA) (see Fig. 

5 1). 

An about Ikb tTA fragment was obtained by 
cleaving the plasmid pUHD15-l with Xbal, making the 
resulting linear DNA blunt-ended, and then cleaving it 
with BamHI. Then, the plasmid pRxNtTA was constructed 

10 by cleaving the plasmid pRx-nZpA constructed in Example 
1 with EcoRI, making the resulting linear DNA blunt- 
ended, and inserting the aforesaid tTA gene into the 
BamHl site thereof. Then, according to the above-des- 
cribed method of Saito et al. , an about 3. 6kb fragment 

15 obtained by cleaving the plasmid pRxNtTA with Xhol and 
Hindlll and making the resulting DNA fragments blunt- 
ended was inserted into the Swal site of the plasmid 
pAxcw to generate a recombinant adenovirus (AxRxNtTA) 
(see Fig. 1). 

20 An about l.lkb fragment obtained by cleaving 

the plasmid pRxNtTA with Ncol and BamHI was inserted 
into the NcoI/BamHI sites of the plasmid pTetZ con- 
structed in Example 1 to generate pTetNtTA. Then, 
according to the above-described method of Saito et al. , 

25 an about 2. Ikb fragment obtained by cleaving the 

pTetNtTA with Xhol and Hindlll was inserted into the 
Swal site of pAxcw to generate a recombinant adenovirus 

(AxTetNtTA) (see Fig. l). 

HeLa cells were infected with the generated 

30 recombinant adenoviruses AxCANtTA, AxCMNtTA. AxRxNtTA 
and AxTetNtTA at a MOI of 250. Thus, in the absence of 
tetracycline, the degree of gene expression was 85.5% in 
the system using the CA promoter, 82.7% in the system 
using the CM promoter, 82.4% in the system using the Rx 

35 promoter, and 39.9% in the system using the Tet pro- 
moter. In the presence of tetracycline, the gene ex- 



wo 98/10084 



PCT/JP97/031O9 



14 

pression was completely suppressed in all of the four 
systems. These results and the results of Example 1 are 
summarized in Table 1, indicating that the CA, CM and Rx 
promoters exhibited almost equal gene expression activi- 
5 ties» but the gene expression activity exhibited by the 
Tet promoter was only about a half. However, all of the 
systems using NtTA exhibited higher gene expression 
activities than the system using CMtTA (see Fig. 3). 

10 

T^b lf^ 1 

Comparison of the Expression Efficiencies of the 
Introduced Gene bv Use of Nuclear Localization 
15 Signal (N LS) and Various Promoters 



Gene expression 
20 system AxCANtTA AxCMNtTA AxRxNtTA AxTetNtTA AxCMtTA 

Expression 
ef f i ciency 

(%) 85,5 82.7 82.4 39. 9 29. 2 

In the presence of tetracycline, the gene 
expression in the cells into which the gene had been 

30 introduced by using each of the generated adenoviruses 
was completely suppressed at tetracycline concentrations 
of 1 ^lg/ml or greater in the systems using NtTA. In the 
tTA system, however, the gene expression was not com- 
pletely suppressed even at a tetracycline concentration 

35 of 100 |ig/ml. Moreover, it was also found that, in the 
absence of tetracycline, the expression efficiency of 
the introduced gene was 80% or greater in the CMNtTA, 
CANtTA and RxNtTA systems, but only about 25% in the 
CMtTA system (see Fig 4). 



40 
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FTr^mnl^ 3 . .^^..^ -irh the recombi- 

HeLa cells were co-infected witn 

PS AxCMtTA or AxCMNtTA and AxTetZ gener- 
nant adenoviruses AxCMt 1 A or ^ absence 

, of tetracycline, and then ^^^^ ^^/^ ^^.^^^ ,,,, ^bout 
As a result, in the absence of - vc 
30% of the total cells were stained in the Y 

J A Tot7^ but approximately 100% ot tne 
(AxCMtTA and AxTetZ) . bu\app (AxCMNtTA 

total cells were stained in ^^^^ ,^11 
,0 and AxTetZ). In the presence of - - ^ 

was stained in the NtTA syste. "^^Z;^^^, 

expression of p-Gal was ^^^^'^'''\l'Yn [Z\,, ,,3te.. 

n^^J of the cells were stained in tne 
some (15%; or xue ^ a-r.«l was suppressed 

indicating that the expression of P Gal 
15 by only about 50% (see Figs. 5 and 6). 

The plas.id PSKIHVSVG was constructed by 
.hout 1 6kb fragment obtained by cleaving the 
using an about 1. bkb t g virology, 
plasmid pLGRNL (see N. Emi et al. . Jo 

lono 1907 1991) with BamHl. me 

nSKII-VSVG with BamHI and inserting the resulting 
pbKii+v5vu plasmid 
1.6kb fragment into the BamHI site 

mmo-3 Then, according to the method of Saito et 
pUHDlO 3. men. ^htained by cleaving the 

u^..+ dkh fragment ootaineu \jy 
25 al., an about 2. 4kb trag „• and making the 

•J T^+v<;vr, with Xhol and Hinaiii anu 
plasmid pTetVbVb wixn a ^ . ,-n«Prted into the 

„suUi.8 DNA fra..e„t blunt-ende. " 
S.al site of the plasoid pAxc, to generate 

then subjected to 'O^-'^ J ^ J 

„„oclonal ant.-VSVG antibody <c - / rproduct 
«V5507). Thus, the -P""'"";';';, 'f;, us. In 

.. ::r:r..i;r:;"'::;.'r.;.. .» ... ... 
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the aforesaid recombinant adenoviruses, the expression 
of the VSVG gene product was not observed in either 
case. 

Fxampie 5 

5 In order to monitor the production efficiency 

of a retroviral vector, human cultured cells such as 
A375. U373, T98G and A172 were infected with the retro- 
viral vector MFGIacZ expressing the reporter gene l_a£.Z 
(see Dranoff et al. , Proceedings of National Academy of 
10 Science, USA, Vol. 90, pp. 3539-3543, 1993). Thus, 

there were obtained gene-transduced cell lines such as 
A375/Z, U373/Z. T98G/Z and A172/Z. The transduction 
efficiency of the lac Z gene was evaluated by a combina- 
tion of detection of l^Z expression with a flow cyto- 
15 meter and detection by X-gal staining. For all of A375. 
U373, A172 and T98G. the lacZ gene-transduced cell lines 
were obtained with an efficiency of 50 to 100%. 

The 5307bp eag-pol gene extending from nt563 
(Hindlll) to nt5870 (Seal) was excised by cleaving MoMLV 
20 (see Schnich et al. , Nature, Vol. 293. pp. 543-548. 
1981) with Hindlll and Seal. The Tet promoter was 
excised by cleaving pTetZ with Xhol, making the result- 
ing linear DNA blunt-ended, and then cleaving it with 
EcoRI. Then, the plasmid pTetGP was constructed by 
25 cloning the g^-usil gene and the Tet promoter into the 
Spel and Bglll sites of pCAcc. (In fact, however. 
pTetGP was constructed by a plurality of steps in which 
the gag-pol of MoMLV was fragmented, these fragments 
were subcloned into pBluescript SKII and further sub- 
30 cloned into pCAcc to construct pCA-GP. and its CA pro- 
moter was replaced by the Tet promoter.) The cosmid 
pAxTetGP was constructed by cloning into the Clal site 
of pTetGP. Moreover. 293 cells were co-infected with 
the cosmid pAxTetGP and AdS-DNA-TPC to generate a recom- 
35 binant adenovirus (AxTetGP). 

The previously prepared A375/Z. T98G/Z, A172/Z 
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and U373/Z cells were co-infected with all or some of 
the generated recombinant adenoviruses AxTetVSVG. 
AxTetGP and AxCANtTA. After 2 days, the culture super- 
natants considered to contain a retrovirus were recov- 
5 ered. Using each of these culture supernatants consid- 
ered to contain a retrovirus, monitor cells (e.g.. NIH 
3T3 cells) were infected therewith in the presence of 8 
^xg/ml Polybrene (Sigma), and subjected to X-Gal staining 
after 2 days. Then, the efficiency of infection with 
10 the retrovirus was calculated. The results thus ob- 
tained are summarized in Table 2. These results reveal 
that pseudotyped retroviruses having the lacZ gene 
integrated thereinto can be recovered from the A375/Z. 
T98/Z and U373/Z cells at a high titer of lO' to 10 
15 pfu/ml. On the other hand, the retrovirus production 
capacity of the A172/Z cells was low. In the A375/Z 
cells the retrovirus was produced without simultaneous 
infection with the adenovirus AxTetVSVG. This indicates 
that A375 cells have therein a gene for sjix-like protein 
20 which is required for the replication of retroviruses. 



wo 98/10084 PCT/JP97/03I09 

18 

Tabic 2 





Trfinsduciion 


HPficiencv of 








VSVG-pspndotvned Retroviral Gene 






Gene 


transduction 


efficiency 


(%) 




A375/Z 


T98/2 


^ml 


L373/Z 




0 


0 


0 


0 


TetVSVG alone 


0 


0 


0 


0 


TetGP alone 


0 


0 


0 


0 


CAMTA alone 


0 


0 


0 


0 


TetVSVG+TetGP 


0 


0 


2/0* 


0 


TetVSVG+CANtTA 


3 


0 


0 


0 


TetGP+CANtTA 


42. 0±t).66 


0. 83±0. 983 


1..5±0. 84 


2. 0±0. 


CANtTA+TctVSVG^Te 


tOP 71.3±5.92 


38. 7 ±5. 85 


.-). 3 ± 2. 80 


16. 8 ±6. 



* Gone expression was observed in one of two plates. 
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CLAIMS 

1. A recombinant gene comprising a nuclear local- 
ization signal (NLS) gene and the tetracycline 

t ransac t i vator (tTA) gene. 

2. A recombinant gene as claimed in claim 1 
wherein the NLS gene and the tTA gene are integrated 
in-frame. 

3. A recombinant gene as claimed in claim 1 
wherein the NLS gene is derived from the large T protein 
of SV40 virus. 

4. A recombinant gene as claimed in any one of 
claims 1 to 3 which further comprises a promoter gene. 

5. A recombinant gene as claimed in claims 4 
wherein the promoter gene is selected from the group 
consisting of the CM promoter of cytomegalovirus, the Rx 
promoter comprising the enhancer of cytomegalovirus 
joined to the promoter of Moloney murine leukemia virus, 
the CA promoter comprising the enhancer of cytome- 
galovirus joined to the promoter of p-actin. and the Tet 
promoter of the tetracycline gene. 

6. A recombinant gene as claimed in claims 5 
which further comprises a gene encoding a foreign pro- 
tein. 

7. A recombinant gene as claimed in claims 6 
wherein the foreign protein comprises at least one 
member selected from the group consisting of viral 
envelope proteins, hormones, cytokines, and the recep- 
tors for hormones and cytokines. 

8. A plasmid carrying a recombinant gene as 
claimed in any one of claims 1 to 7. 

9. A virus containing a plasmid as claimed in 
claim 8. 

10. A virus as claimed in claim 9 wherein the host 
virus is an adenovirus. 

11. A virus as claimed in claim 10 wherein, in the 
recombinant gene contained therein, the NLS and tTA 
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genes integrated in-frame are located downstream of the 
promoter. 

12. An animal cell transfected with a virus as 
claimed in any one of claims 9 to 11. 

13. An animal cell as claimed in claim 12 wherein 
the transfected cell is a mammalian tumor cell. 

14 A group of viruses comprising a virus as 

claimed in claim 11. combined with a recombinant adeno- 
virus containing a recombinant gene into which the 
g^-U^ gene participating in the replication of retro- 
viruses IS integrated downstream of the tetracycl ine- 
controllable tetracycline promoter (the Tet promoter), 
and a recombinant adenovirus containing a recombinant 
gene into which a gene encoding a retroviral envelope 
protein is integrated downstream of the Tet promoter. 
15 A group of viruses as claimed in claim 14 

wherein the retroviral envelope protein is the mem- 
brane-penetrating protein of vesicular stomatitis virus. 
16. An animal cell co-infected with a group of 

viruses as claimed in claim 14 or 15. 

17 A method for producing a retrovirus which 
comprises co-infecting an animal cell with a group of 
viruses as claimed in claim 14 or 15. and growing the 
resulting animal cell. 

18 A method for detecting the infection of an 
animal cell with a retrovirus which comprises co-infec- 
ting animal cells suspected of infection with a retro- 
virus, with one or more viruses included in a group of 
viruses as claimed in claim 14 or 15. and detecting a 
tendency exhibited by the retrovirus. 



wo 98/10084 



PCT/JP97/03109 



1/6 

FIG. 1 



CMtTA (2.3kb) CM ITA pA 



CMNtTA (2-3kb) I CM I NLS-tTA | pA 
CANtTA (2-7kb) I CA 



NLS-ITA pA 



RxNtTA (3.6kb) 1 Rx 



NLS-tTA 



B 



TetZ (4.1 kb) 



Tet 


NLS-tTA 


pA 






Tel 


NLS-LacZ 


pA 






Tet 


qaq-pol| pA 






Tet 


VSVG 


pA 



wo 98/10084 



PCT/JP97/03109 



2/6 

FIG. 2 

100-1 




0 500 1000 1500 



MOI 



wo 98/10084 



PCT/JP97/03109 




MOI 



wo 98/10084 



PCT/JP97/03109 



4/6 




wo 93/10084 



5/G 



PCTm'97y031C9 



a 



FIG. 5 



Tc(-) 



Tc (+) 



wo 98/10084 



6/6 



PCT/JPU7A)310!) 




INTERNATIONAL SEARCH REPORT 



Inivmi. >*i Appltcallon ^k> 

PCT/JP 97/031G9 



A. CLASSIFICATION Of SUBJECT MATTER 

IPC 6 C12N15/86 //CG7K14/245 



Aooording to ln!fffa<iooa< Pitfrt O— nhoabon (IPC) or to both naborud eU** tfnation And IPC 



B. FIELDS SEARCHED 



Mnimtmi doourrwntetion ••aroTwd (olauifioation tyalfrm toBowtd by 

IPC 6 C12N 



n ftyrnbo<i) 



Oooum«nt«t]0fl Marv^itdothtrthan mnvTtumdoourrwntatMn to th« «xtMt that tuoh documwite am includvd in t\m fwldt Marched 



ElM^onn data t>aaa oonsutad dunn9 th« intamationd t*aroh <nam« of data baaa and, whara praotioai, 



••arch (•rms uaad) 



OpOCUMEMTS CONSIOEREO TO BE RELEVANT 



CateffOfy • QUtion of doeurmnt, with mdnabon. wham apprapnala, of lha ralavant paaaagaa 



WO 97 35992 A (VICAL INC.) 2 October 1997 
see abstract 

see page 3, line 5 - page 4, line 21 
see page 15. line 27 - line 34 
see claims 

SONEOKA Y ET AL: "A TRANSIENT 
THREE-PLASMID EXPRESSION SYSTEM FOR THE 
PRODUCTION OF HIGH TITER RETROVIRAL 
VECTORS" 

NUCLEIC ACIDS RESEARCH, 
vol. 23. no. 4, 25 February 1995, 
pages 628-633, XP0OG569533 
see abstract 

see page 630, column 1, paragraph 2 

see page 630, column 2 - page 631, column 

2 

see page 633, column 1, paragraph 2 



RalManllBoWniNe. 



1-6,8 



5-7,14 



17,18 



PatanC tairw^ m*n^t% an Itatad in anrmx. 



•A' doeofna«tdiffMi»«tfta9wwnittalao(tfM art whioh ia not 

QonaidMad to ba of pafteMlvralavma 
*r MrtwrdMiMMntbutpiibUiMoneranBrth* intamatoM^ 

f dectmnt which may thnMrdMte on pfiortty ol«m(a)or 
which a oted to aatabMih tha pubtoiAondata of anothar 
cstitenorolharipaeiaf f«aBon(aa ■ptoilitd) 

'O* daoumaiitr ajihteiion or 

•P* doaurmntpuba»h«lpnortathaintemattoA^ filing data but 
Mar man tha pnoritr daita olaimad 



"T* later dDoumMitpublikhMJaMw tha intamabon^ filing data 
or pnonty data and Mt m eonfkot wtth tha applioaban but 
oiladtoundaratandlhopnneiptaorthaory undailytng tha 



'X* (looimwiitofpartMuUrrato¥anoa:thaotainwd invantion 
oannotbaconatdMvd naval or eannotbaoonaidand to 
mvofra an invanifva atop whan tha daeumantia Mtaaatona 

"Y* doaumantofparln 



oannotbaoofiaidaradtoirivolvaanmvanbva Btopwhantha 
dooumant n oom to aia d wtti ona or mora othar tuoh docu- 
manto. tuoh oombnaten b«n« obviou* to a parM>n ittiltad 
in tha art 

*A' dooumant m»mbar of tha aamapatontfwnily 



Oato of tha aotuai eempMon of thantamabonal taaroh 



18 December 1997 



Oato of mailing of tha intomabonal taaroh raport 

1 I 02.98 



N«ma and maifeng addraaa of tha ISA 

Europaan Paton* Offiea, P B. 5818 Patandaan 2 
NL - 2280 HV R^awi^ 
Tai (+31-70) 34O-2040, Ti. 31 651 apo nl. 
Fax; (♦31-70) 340-X16 



Authoruad otfi car 



Panzica, G 



Form PCT/rSAy3lO (taoond ahwt) (Juty \99Z) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



intsm. /lat AppNcailon N« 

PCT/JP 97/03109 



C.(ContkHMttoff) DOCUMENTS CON3IOCRED TO BE RELEVANT 



Cat^ry • Ctotkm o« document with ndwalioo, wh«r» •ppropnato. of ttw r»(«v«r« p«M«9«» 



Rtttvvvit to cl«rm No 



X.P 



GOSSEN M ET AL: "TIGHT CONTROL OF GENE 

EXPRESSION IN flAMMALIAN CELLS BY 

TETRACYCLINE-RESPONSIVE PROMOTERS" 

PROCEEDINGS OF THE NATIONAL ACADEMY OF 

SCIENCES OF USA, 

vol . 89, no. 12, 15 June 1992, 

pages 5547-5551, XP0GG564458 

cited in the application 

see the whole document 

WO 95 19368 A (ALEXION PHARMA INC) 20 July 
1995 

see abstract 
see claims 

see page 5, line 9 - page 8, line 13 
see page 9, line 14 - page 15, line 19 

WO 94 29442 A (BASF AG) 22 December 1994 
cited in the application 
see the whole document 

YOSHIOA Y. ET AL.: "Highly efficient 

vsvg-pseudotyped retroviral packaging 

system through adenovirus -media ted 

inducible gene transduction - recombinant 

adenovirus-mediated vesicular-stomatitis 

virus-G and mouse Moloney leukemia virus 

gag and pol gene transfer to glioma for 

cancer gene therapy" 

CANCER GENE THERAPY, 

vol. 3, no. 6 Conference suppl., 14 

November 1996, 

pages S21-s22, XPO02O50699 

see the whole document 

WO 94 29440 A (UNIV CALIFORNIA) 22 

December 1994 

see the whole document 



1-8, 
12-14 



1-6,8, 
12,13 



1,2.5 



1-18 



14-16 



oaae 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent tamMy m»mb«rs 



tntvrrk m\ Appticsiion No 

PCT/JP 97/03109 



Palsrt document 






Patent tamity 


Publication 


crtttd Ni aAtfch report 


data 




fn»mb«r(i) 


data 


wo 9735992 A 


02-10-97 


NONE 




WO 9519368 A 


20-07-96 




DDOU/DO n 


03-12-96 


WO 9429442 A 


22-12-94 


All 


7inA1Qd & 
/ lUOl n 


03-01-95 






CA 


2165162 A 


22-12-94 






EP 


G705334 A 


10-04-96 






JP 


9500526 T 


21-01-97 






US 


5650298 A 


22-07-97 






US 


5589362 A 


31-12-96 


WO 9429440 A 


22-12-94 


us 


5512421 A 


30-04-96 






AU 


7052394 A 


03-01-95 






CA 


2164324 A 


22-12-94 






EP 


Q702717 A 


27-03-96 






JP 


8511685 T 


10-12-96 






US 


5670354 A 


23-09-97 



Forni PCTASA/210 <pM*ni 1«Twy «nn«i) IJuly 1W?) 



